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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In the application of: 

Kazufumi OGAWA; Mamoru SOGA 

Serial No.: To be assigned 

Filing Date: October 24, 2000 

For: METHOD OF MANUFACTURING A 
FLUOROCARBON-BASED COATING 
FILM 



Examiner: To be assigned 
Group Art Unit: To be assigned 



PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Please enter the following amendment. 



In the Specification 

Please amend the specification as follows. 

Replace lines 4-7 of column 1 with the following: 

-This application is a continuation of U.S. 
Application No. 09/112,219, which is a reissue 
application of U.S. Pat. No. 5,538,762, which is a 
continuation of U.S. application Ser. No. 
08/052,913, filed Apr. 27, 1993, now abandoned, 
which was a division of application Ser. No. 
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07/774,827, filed Oct 11, 1991, now U.S. Pat. No. 
5,240,774.- 

Delete lines 1-8 of column 2 and replace with the following: 

--where n represents 0 or an integer; R represents an 
[alkyl] alkylene group or a hydrocarbon substituted 
group containing C=C, C=C, a silicon atom or an 
oxygen atom; m represents 0 or 1; Y represents a 
hydrogen atom, an alkyl group, an alkoxy group, a 
fluorine-containing alkoxy group or a fluorine- 
containing alkyl group; A represents a hydrogen 
atom; and q represents 0, 1 or 2; and, [and] baking 
the substrate after the contacting and coating 
steps.-- 

Starting at line 32 of column 2 and continuing to the end of that column, 
delete all hues, and replace with the following: 

-It is preferable in this [method] invention that 
the material having a chlorosilyl group contains a 
member [of a] selected from the group consisting of 
SiCU, SiHCl3, SiH2Cl2 and CMSiCl20)n— SiCb (n 
being an integer, preferably 1 to 3). 

It is preferable in this [method] invention that 
the compound having a fluorocarbon group and 
chlorosilyl group is represented by a formula: 
CF3— (CF2)«— (R)m— SiX;>Cl3-p where n represents 
0 or an integer; R represents an [alkyl] alkylene 
group or a hydrocarbon substituted group 
containing C=C, C=C, a silicon atom or a hydrogen 
atom; m represents 0 or 1; X represents a hydrogen 
atom, an alkyl group, an alkoxy group, a fluorine- 
containing alkoxy group or a fluorine-containing 
alkyl group; p represents 0, 1 or 2. 

It is preferable in this [method] invention that 
the compound having a fluorocarbon group and an 
alkoxysilane group is represented by a formula: 

CF3— (CF2)„— (R);.— SiY,(OA03-^ 

where n represents 0 or an integer, R represents an 
[alkyl] alkylene group or a hydrocarbon substituted 
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group containing C=C, C=C, a silicon atom or an 
oxygen atom; m represents 0 or 1; Y represents a 
hydrogen atom, an alkyl group, an alkoxy group, a 
fluorine-containing alkoxy group or a fluorine- 
containing alkyl group; OA' represents an alkoxy 
group; and q represents 0, 1 or 2. 

It is preferable in this [method] invention that 
the material represented by a formula: SiX^Cl^.^ 
where X represents a hydrogen atom or an alkyl 
group, and s represents 0, 1 or 2; is added to a non- 
aqueous solvent containing a compound having a 
fluorocarbon group and a chlorosilyl group. 

It is preferable in this [method] invention that 
the material represented by a formula: SiY/(0A")4-.^ 
where Y represents an alkyl group; A" represents a 
hydrogen atom or an alkyl group; and t represents 0, 
1 and 2; is added to solvent containing a compound 
having a fluorocarbon group and an alkoxysilane 
group.- 



Delete Unes 23 through 62 of column 5 and replace with the following: 



—As the compound having a fluorocarbon group 
and a chlorosilane group, those which may be used 
are represented by a formula: CF3 — (CF2)« — 
(R)ni — SiX;,Cl3-p where n represents 0 or an integer; 
R represents an [alkyl] alkylene group or a 
hydrocarbon substituted group containing C=C, 
C=C, a sihcon atom or an oxygen atom; m 
represents 0 or 1; X represents a hydrogen atom, an 
alkyl group, an alkoxy group, a fluorine-containing 
alkoxy group or a fluorine-containing alkyl group; 
and p represents 0, 1 or 2. 

As the compound having a fluorocarbon group 
and an alkoxysilane group, those which may be 
used are represented by a formula: 

CF3— (CF2)„— (R).— SiY,(OA03-, 

where n represents 0 or an integer; R represents an 
[alkyl] alkylene group or a hydrocarbon substituted 
group containing C=C, C=C, a silicon atom or an 
oxygen atom; m represents 0 or 1; Y represents a 
hydrogen atom, an alkyl group, an alkoxy group, a 
fluorine-containing alkoxy group and a fluorine- 
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containing alkyl group, OA' represents an alkoxy 
group, and q represents 0, 1 or 2. 

To harden the fluorocarbon-based polymer 
coating film to be formed, a cross-linking agent can 
be added. 

More specifically, in the case where a non- 
aqueous solvent containing a compound having a 
fluorocarbon group and a chlorosilane group is 
used, a cross-linking v^hich may be used is 
represented by a formula: SiX^Cl^.^, where X 
represents a hydrogen group or a substituted group, 
such as an alkyl group; and s represents 0, 1 or 2. 
In the case of using a solvent containing a 
compound having a fluorocarbon group and an 
alkoxysilane group, a cross-linking agent which 
may be used is represented by a formula: SiY^ 
(0A")^_;, where Y represents a substituted group, 
such as an alkyl group; A" represents a hydrogen 
atom or an alkyl group; and t represents 0, 1 and 2. 
In either case, it is possible to adjust the three- 
dimensional cross-linking degree in the 
fluorocarbon-based polymer coating film that is 
formed, thus controlling the hardness of the 
fluorocarbon-based coating film.-- 



In the Claims 

Please cancel claims 1-11. 

Please enter the following new claims: 

- 1 2. A method of manufacturing a vehicle part comprising: 

a. contacting a vehicle part having a surface containing hydroxyl groups with a non- 
aqueous solvent comprising a material comprising chlorosilyl groups to form a siloxane-based 
film on the vehicle part surface; and 

b. coating the siloxane-based fihn with a non-aqueous solvent comprising a 
compound comprising a fluorocarbon group and a chlorosilyl group, represented by the formula: 
CF3-(CF2 ) „-(R)m-SiX;,Cl3-p where n represents 0 or an integer; R represents an alkylene group or 
a hydrocarbon substituted group containing C^C or C^C, a silicon atom or an oxvsen atom: m 
represents 0 or 1, X represents a hydrogen atom or an alkyl group; p represents 0, 1 or 2. 
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13. The method of claim 12, wherein said material comprising chlorosilyl groups is 
selected from the group consisting of SiCU , SiHCls. SiH2Cl2 and Cl-(SiCl2 0)^ -SiCl3, wherein n 
is an integer. 

1 4. The method of claim 12, wherein p represents 0. 

15. A vehicle part made by the method of claim 1 2 . 

1 6. A method of applying a fluorocarbon-based polymer coating film to an apparatus 
comprising: 

a. contacting an apparatus having a surface containing hydroxyl groups with a non- 
aqueous solvent comprising a material comprising chlorosilyl groups to form a siloxane-based 
film on the apparatus surface; and 

b. coating the siloxane-based film with a non-aqueous solvent comprising a 
compound comprising a fluorocarbon group and a chlorosilyl group, represented by the formula: 
CF3-(CF2)«-(R)m-SiX pCl3-p where n represents 0 or an integer; R represents an alkylene group or 
a hydrocarbon substituted group containing C=C or C=C, a silicon atom or an oxvsen atom: m 
represents 0 or 1, X represents a hydrogen atom or an alkyl group; p represents 0, 1 or 2. 

17. The method of claim 16, wherein said material comprising chlorosilyl groups is 
selected from the group consisting of SiCU^ SiRCh SiH2Cl2 and Cl-(SiCl2 0)«-SiCl3 , wherein n 
is an integer. 

1 8. The method of claim 16, wherein p represents 0. 

19. The method of claim 16, wherein the apparatus is an electric apparatus, a vehicle 
or an industrial apparatus. 

20. An apparatus made by the method of claim 16. 

21 . The apparatus of claim 20, wherein the apparatus is a vehicle. - 
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REMARKS 



This application is a continuation of Applicants' Reissue Application No. 09/1 12,219 in 
which a Notice of Appeal has been filed. This application also corresponds to Reissue 
Application No. 09/614,073, which is also a continuation of the '219 application. 

This Preliminary Amendment amends the specification exactly as in Applicants' '219 
appUcation. Claims 1-11 are now canceled. Claims 12-21 are newly added, with claims 12 and 
16 being independent claims. 

Independent claim 12 is to a method of manufacturing a vehicle part. Elements a and b 
of claim 12 are the same as elements a and b of claim 12 in the '219 appUcation. Vehicles in 
general are described in column 1, lines 14-16. Specific examples are fiirther described 
beginning at column 7, line 23. 

Independent claim 16 is to a method of applying a fluorocarbon-based polymer coating 
film to an apparatus. A general description of the method is found at colunm 1, lines 10-12. 
Elements a and b of claim 16 are the same as elements a and b of claim 12 in the *219 
application. 

AppUcants request early consideration of this Continuation Reissue AppUcation. 

In the event that the transmittal letter is separated fi*om this docimient and the Patent 
Office determines that an extension and/or other relief is required, applicant petitions for any 
required relief including extensions of time and authorizes the Assistant Commissioner to charge 
the cost of such petitions and/or other fees due in connection with the filing of this document to 
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Deposit Account No, 03-1952 referencing docket no. 356972000203 . However, the Assistant 
Commissioner is not authorized to charge the cost of the issue fee to the Deposit Account. 



Respectfully submitted, 



Dated: October 24, 2000 By: 




Registration No. 33,519 
Morrison & Foerster llp 
2000 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-1888 
Telephone: (202) 887-6930 
Facsimile: (202) 887-0763 
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[57] ABSTRACT 

A method of contacung a substrate having a surface con- 
taining hydroxyl groups with a non-aqueous solution con- 
taining a material having a chrolosilyl group; washing if 
desired: coaang the substrate with a noa-aqueous solvent 
containing a compound having a fluorocaibon group and a 
chlorostlanc group or a solvent containing a compound 
containing a Quorocarboo group and an aikoxystlane; and 
baking the substrate if necessary in order to fonn a fluoro- 
carbon<based polymer coating tihn chemicaiiy bonded to the 
substrate surface. The hydroxyl groups on the substrate 
surface and chiorosiiyl groups are reacted to fonn a thin film 
having a large number of siland groups (*-StOH) capable 
of connectmg the polymer coating 61m to the substrate to 
form a heat-* weather-, and wear<resistam film on various 
surfaces. 
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I 

METHOD OF NUNLTACTURING A 
FLLOROCARBON-BASED COATING FILM 

This application ts a conunuauon of U S apphcauon Scr. 
No. 08/032,9 1 3, filed Apr. 27, 1 993. now abandoned, which 5 
was a division of appiicanort Ser. No 07/774,827. filed Oct. 
il. 199K now U.S. Pat No. 5,240J74. 

FIELD OF THE INVENTION 

This invcnuon relates co a method of manufactunng a ' 
fluorocarbon-based polymer coating film used on an appa- 
ratus or U:e iike requiring a heat-resistant weather-resistant 
and wear-resistant coating. The coaung caa be used on 
electric apparaiuseSt such as hot plates and nee cooking 
machines; vehicles; and industrial apparatus* 

BACKGROUND OF THE INVENTION 

F1uorocarbon*based poiymer coating films have been 
used extensively and are manufactured by making the sur* 20 
face of an Ai substrate rough by means of a brush or 
chemical etching; coating che rough surface with a phnMror 
the like; coaling with a paist suspending fine particles of a 
SuoFocartm-based matenai, such as polytctrafluoroethyl- 
ene tn ethanol or the like; and then <^ng and baking at 25 
about 400" C. for about one hour to fix the fluorocarboa- 
based polytner to the substrate surface o'f the matehaL 

This method of manufacture is simple. However, since the 
polymer and substrate are bonded together merely by an 
anchor effect, ihere is a limit co che adhesion of che polymer ^ 
to the substrate. The method is insulBcieot in view of 
adhesion and mechanical strength as a nsethod of manufac- 
turing fluorocarbon-based coating films used for apparatus 
or the like requiring a heat-resistant weather-resistanc and 
wear-resistam coaung. Such electric apparatus include hot 
plates and rice cooking apparatus; vehicles; and mdustnai 
apparaus, 

SLT^MARY OF THE INVENTION 

40 

[n view of the above drawbacks in the pnot an method, 
it is an object of the present mvetmoft to form a fluorocar- 
bon-based coating layer or having satisfactory adhesion 
to a' substrate that is pinhole* free, ihertby improving ihe 
perfonnance of an apparatus or the like requiring a heat- 45 
resistant, weather-resistant and wear-resistant coating. Such 
electric apparatuses include hot plates and rice cooking 
apparatus; vehicles; and industrial apparatus. 

The primary objective of this invention is to provide a 
fluorocarbon-based poiymer coating film compnsmg at least so 
an siloxane film formed as a inner layer and a f!uorocarbon- 
baaed polymer ^ fonned as an outer layer on the surface 
of a substrate. The substrate surface and the inner layer are 
bonded with covalem bonds, and the inner layer and the 
outer layer are bonded with covalem bonds. 55 

Another objective of this invention is to provide a method 
of manufactunng a fluorocarfeon-bascd polymer coating f^lm 
compnsmg the steps of contocung a substrate having 
hydroxyl groups on a surface wuh a non-aqueous solvent 
containing a maicnal wuh a chlorosilyi group; coaung said ^ 
substrate surface wuh either a non-aqueous solvent contain^ 
mg a compound having a iluorocarbon group and a chlo- 
rosilyi group or a solvent coniaimng a compound having a 
f!uorocarbon group and aikoxysUanc group or a compound 
represented by the following formula 



\0 
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v^here n represents 0 or an integer, R represents an [aikvl] aikvlene 
group or a hydrocarbon substituted group containing C^, a 
silicon atom or an oxygen atom; m represents 0 or L Y represents 
a hydrogen atom, an [alkyi] aikyiene group, an alkoxy group, a 
fluorme-contajnmg aikoxy group or a fluonne-containjng [alkyi j 
a[k>lene group. A represents a hydrogen atom: and q represents 0. 
i or 2, and. [and] baking the substrate after the contacting and 
coaling steps. 

Another od^ecuve of uus tnvtnuoQ to provtd* a method 
of manu/KOmni > Suorocaftxn-^tscd poiymcr ooaanf ftlai 
compmuif cht stept of couacuAf i submtt havuif a 
surtee coRUinmi liytex>t gnxi^i wtch a m^aqueous 
soivcm co0oumnf a matmi havtnf a cmorouiyl pou^: 
waahini the subsne wtch t m-iqueaus loivemto rtmovt 
the miicnii wicbouc teacdoo; co«uii| sabante wich is 
«»her a noR*aqueoua soivem comni&g i compound havtflf 
a ftuortcarton fiwp and t chion«lyt fwup or a soiveaa 
compound hAviflf a Suococarboa froup aod 

rc is ptt&tMit in this mvwtioo chac boch m of the a 
covalMX bonds coeoieciuii tbt subsmt surfaot and (he 
usmr laya. tfd tbi mncr Isytr aad Ebod out^ Layer ait 
siioxene boodL 

U is pretoabk iA tbts iavtnioB tbm tibe tOHr Icyer ia 
fonned wicb a sdouDt*bisod aoBomoiecular Om^ 

U ts preteab^ ift (bis isvcsdoa dut tbo mbent is 
froffl a mefBbw of a feoup eoestadai of ntata. om 
aad piMXCi 

U is pitfmMi ta tbu taveeboa lbs dtt sabicntt is 
of a plaatie materiai tctnd ia a pUsma aoDOSpbOT c» % 
tausAf otyfa& 

f I is picferMs in this method isvaatioatta dit mmmd 
havutf a cbiowsdyl graup coatatas a oatabar of a pot^ 
coasistiei of SiG«. SiHO,. SiHi Ot «^ CWSiCltO)^- 
Sia, (ft bwt SB ixmpiL pra&rddy I to 3>- i 

U is prtfmMa ia tbis ranbod iavcnooa tbia tba eom* 
poiuid haviag a (iuomatboa froup sad a cbtorossiyl ir^ 
is ffprasaoad by a formula: CF,-KCF ^.-(R),-SiX. 
.Qw wHw a mprtiaas 0 or la iaat|ar » ftp^eseno aa 

[ali^ aiicylenc group or a hydrocarbon substituted group 
containing CO. CaC, a silicon atom or a hydrogen aton\; m 
represents 0 or I, X represents a hydrogen atom, an [aikyi] 
alkylenc group, an atkoxy group, a fluorine-containing alkoxy 
group or a fluorine-containing faikv 11 aikyiene group; p represents 

^'u^'^^'pnteiMa ia this mibod iavvadoa ;hM tiit com- 
pottod bavtei a fhamcarbaa fmp «id m aikaiystiaea 
gmy is npmaand by a terauia: 

where n represents 0 or an integer, R represents an [alkytlajkylenc 
group or a hydrocarbon substituted group containing C=C, C^C, a 
silicon atom or an oxygen atom, m represents 0 or 1 , y represents a 
hydrogen atom, an [alkyll aikyiene group, an aikoxy group, a 
fluorine-containing aikoxy group or a fluorine-containing [alkytl 
aikyiene group; OA' represents an aikoxy group; and q represents 
0, 1 or 2. 

U is pfefcnbia m this method taveauoa thai tba matenal 
rc^waftted by a rormuia: SiX,0^ wfteri X rtprtstms x 

hydrogen atom or an falkvi) aikyiene group, and s represents 0, I ; 
or 2. is added to a non-aqueous solvent containing a compound 
having a fluorocarbon group and a chiorosiiyi group. 

ii J pfctenoia m tiua metiiod mvemjoo am maunai 
reprtsanttd by a foemia: SiY^tOA*)^ *hctt Y fcpresitt 

an [allcyl] aikyiene group: A" represents i hydrogen atom or^ 
[alkyll aikyiene group, and t represents 0^ I and 2, .s added to 
solvent "^SmSiHing a compound having a fluorocarbon group and 
an aikoxysiianc group. 
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U ;s prcicrablc in rhis mcchod mveniion thac fine oaniclcs 
of a tluorocarbon-oascd polymer are dispersed :n advance m 
cither the non-aqueous solvent containing a comcound hav- 
ing a fiuorocarbon group and a chlorosilyi group or ihe 
solvent containing a compound having a tiuorocarbon group 5 
md an aikoxysilane group. 



BRIEF DESCRIPTION OF THE ORAWLNGS 

RG. 1(a) is a schemauc sectional view, enlarged m scale 
iQ the molecuiar levei showing ihe surface of a substrate of 
Example L of this mvenuon. 

FIG. Kb) is a schemaiic secuonal view, enlarged in scale 
to the molecuiar levei showing the siloxane polymer film 
(inner layer) on the surface of a substraa of Example I of 
this invemioR. 

FIG. 1(c) is a schemauc sectionai view, enlarged in scale 
to the molecular level showing the fluorocarbots-bascd 
monomoiecular coating film on the siloxane polymer film 
(inner layer) of Example I of this invenuoiL 

FIG i(d) is a schemauc secaonal view, enlarged in scale 
to the molecuiar level showmg the f!uofocarfoon-based poly- 
mer (outer layer) and siloxane polymer ftlm (inner layer) on 
the surface of a subscrace of Example I of this invention. 25 

FIG. 2(a) is a schemauc sectionai view, enlarged in scale 
to the molecular levei showing the surface of a substrate of 
Example 2 of this mvenuoa 

FIG. Mb) is a schemauc sectional view, enlarged in scale 
to the molecular levei showing the siloxane monomoiecular ^ 
film (inner layer) on the surface of a substrate of Example 2 
of this invention. 

FIG. 2(c) is a schemauc sectional view, enlarged in scale 
to the molecular level showing the f!uorocarbon-based 
monomoiecular coating film on the siloxane inner layer of 
Example 2 of this invention. 

FIG. 2(d) is a schemauc sectional view, enlarged in scale 
to the molecular level showing the fluorocarbon -based poly* 
mer iilm (outer layer) and siloxane monomoiecular film ^ 
(inner layer) on the surface of a substrate of Example 2 of 
this invenuon. 

FIG. 3(a) is a schematic sectional view, enlarged in scale 
10 the molecular level showing the surface of a subsvaie of 
Example 3 of this invention. 45 

FIG. K&) is a schennauc sectional view* enlarged in scale 
to the molecuiar level showing the siloxane polytncr ftlm 
(inner later) on the surface of a substrate of Example 3 of this 
invencioo. 

FIG. 3(c) is a schenwcic sectional view, enlarged in scale ^ 
to the molecular levei showing the fluorocarbon*based poly* 
mer Eilin (outer layer) on the siloxane polymer film (inner 
later) of Example 3 of this Lnvemion. 

FIG. Md) is a schematic sectional view, enlarged in scale 
to the molecular level showing the fluorocarbcn-based poly* 
mer film (outer layer) and siloxane polymer film (inner later) 
on the surface of a substrate of Example 3 of ihis mvenuon. 

FIG. Ma) IS a schemaiic sccuonal view, enlarged in scale 
to the molecular level showmg the surface of a substrate of ^ 
Example 4 of this mvcniion. 

FIG. 4(dj ts a schemauc sccuonal view, enlarged in scale 
to the molecular level showmg the siloxane polymer unncr 
layer) on the surface of a subsu-aie of Example ^ of this 
invention. 65 

FIG. 4(c) is a schematic sccttonal view, enlarged m scale 
to the molecular level showing the fluorocartx^n-based poly* 
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mtr nlm (outer layeri on the siioxane polymer film (inner 
[aier) of Example -i of this invenuon. 

RG. ^(d) IS a schemaiic secuonai view, enlarged m scale 
10 the molecular level showing the fluorocarbon-oased poly* 
mer nlm (outer layer) and siioxane polymer film (tntier Latere 
on the surface of a subsiraie of Example 4 of this mvenuott 

DETAILED DESCRIPTION OF THIS 
LWENTION 

A special feaoire of manufactunng a ^luorocartwn- based 
coaung film, which comprises the steps: comacang a sub- 
s trace having a surface containing hydroxy I groups wtch a 
non*aqueous solvent containing a material having a chJo- 
rosilyl group; coating che substrate surface with cither a 
noa*aqu«ous solvent containing a compound having a fluo- 
rocarbon group and a chlorosiiyl group or a solvent con* 
taimng a compound having a fluorocarbon group; and alkox- 
ysilaae group and baking the substrate after the contacting 
and coaang steps. 

A washing step for removing the excess materia] by 
washing may be provided between the contacting step and 
the coating step. 

According to the invention in the step of contacting a 
substrate having a surface contamifig hydroxy! groups with 
a non-aqtieous solvent containing a material havirii a piu- . 
rality of chlorosiiyl groups, the hydioxyl groups on the 
substrate surface and chiorosilyl groups of the matenat 
having chiorostlyt groups axe rescted to form on the sub- 
strate a thin 6lm having a number of silanol SiOH) 
groups capable of being strongly chemically botided to the 
substrate surface. 

In addition, after the step of contacting the substrate with 
a non-aqueous solvent contasmng a material having chlo- 
rosiiyl groups, in which the hydroxy! groups on the substrate 
surface and the chlorosiiyl groups of the material arc 
reacted, and the step of removing the non-reacted excess 
material containing a plurality of chlorosiiyl groups remain* 
mg on the substrate by washing with non-aqucous organic 
solvent and by further washing with water, only the matcnai 
bonded to —OH groups on the substrate can form a stlox* 
ane-bascd monomoiecular filffl (inner layer) containing sil- 
anol groups (— SiOH). 

Further, after the coadng step, in which the substrate ts 
coated with a non-aqueous solvent containing a compound 
having a fluonxarbon group and a chlorostlane group or 
with a sol vent contaimng a compound having a f!uorocarbon 
group and an alkoxysilane group, by baking the coaung 
together with the substnue in a moist atmosphere for 1 hour 
at about 12Q* C. a hydrochloric acid removal or alcohol 
removal reaction duhng a precipitatioa step occurs between 
the mutual chlorosilane groups or alkoxystisDe groups in the 
compound, and between the chlorosilane groups or aikox- 
ystlane groups in the compound, and the ^SiOH groups of 
a ihin ftlm formed on the substnue surface. This forms a 
Huorocarbon-based polymer coating film (outer layer) of a 
polymer havmg Ruorocarbott groups that ts chemically 
bonded v\a — SiO^ bonds to a thin film formed on the 
substnue sutface and havmg a large number of — SiOH 
bonds. 

U is thus possible to form a fluorocarbon-bascd polymer 
coaung film having very excellent adhesion. 

For the substrate having a surface containing hydroxy! 
groups according to the invendon, metal and non*mciai 
clcmenu and ceramics may be used. 
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According :o -he invenaon, since nydropniiic groups 
tormed on the substraLC and chlorosilyl groups are reacted 
*tth each other, where rnetais are used, commoaiy xrmcd 
Dasc metals, such as alummum. copper and iron, are suiL- 
able. 5 

Further, a matenai without any oxide film such as plasuc 
substrates can be used after surface treatment to render tnem 
hydrophilic. The surface treatmeat tnay be earned out by 
usual means, such as treatment m a plasma atmosphere 
containing oxygen at 100 for 20 minutes or a corona 
'jeatmenL However, plasucs chat contain — NH groups such 
as polyaimd or poiyureihane substrates, do not rcqmre 
surface oxygen treatment. Since — NH groups have acuvc 
hydrogen, it is easy to remove hydrochloric acid with 
chiorosilyi groups of the surface active agcnu. 

As the material containing chiorosilyi groups, SiQ*, 
StHQ,. SiHPs and G— (Si CI^O)„— SiC, (n being an 
integer, preferabiy I co 3) may be used 

When a material having a piuraiiiy of chiorosilyi groups 
m molecule is used such as O— {SiCl, O),— SiO,. the » 
number of silanol groups on the surface ts increased which 
improve the hydrophilic effect 

As the compound having a Suorocarbon group and a 
chlorosilane group, those which tnay be used are represented 
by a formula; CF,— {CFj)^— (R)«— SiX^Q,^ where n ^ 
represents 0 or an integer, R represents an [alkyl] aikyiene group 
or a hydrocarbon substituted group containing C=<^, C«C, a silicon 
atom or an oxygen atom; m represents 0 or I; X represents a 
hydrogen atom, an [alkyt] allcylcne groups an alkoxy group, a 
fluorine-containing aJkoxy group or a fluorine-containing [ailcyt]30 
aikyiene group; and p represents 0, 1 or 2. 

As the compound having a Ouorocarbon group aod an 
alkoxysilaoe group, tliose which miy be used are repre* 
. sented by a formula: 

CF,-(CF,),-<RU-SiY,(OA-)v^ 
where n represents 0 or an intcrger; R represents an [alkyl) 
aikyiene group or a hydrocarbon substituted group containing 
C=C, C*C. a silicon atom or an oxygen atom; m represents 0 or 1; 
Y represents a hydrogen atom, an [alkyl] aikyiene group, an aikoxy ^ 
group, a fluorine-containing alkoxy group and a fluonne- 
containing [aikyl] aikyiene group, OA' represents an aikoxy group, 
and q represents 0, 1 or 2. 

ro harden the fluorocarbon-bascd polymer coating film to 45 
be formed, a cross-linicing agent can be add ed 

Mote specifically, in the case where a non-aqueous sol- 
vent containing a compound having a ftuorocartxxi group 
and a chiorostlane group is used a ctoss-liniang which may 
be used is rcprcsemed by a formula; SiX^Q*.^ where X » 
rcpresenu a hydroten group or a substituted group, such as 

an [aikyl] aikyiene group; and s represents 0, t or 2. In the case of 
using a solvent containing a compound having a fluorocarbon 
group and an aikoxysiiane group, a cross-i inking agent which may 
be used is represented by a fomiula: SiY, (OA**)^,, where Y 55 
represents a substituted group, such as an [alkyl] aikyiene group; 
A" represents a hydrogen atom or an [alkyl] aikyiene group, and t 
represents 0. i and 2. In either case, it is possible to adjust the 
three-dimensional cross-linking degree in the fluorocarbon-based 
polymer coating film that is formed, thus controlling the hardness ^ 
of the fluorocarbon-based coating film. 

Furthermore, a is possible lo coat m ^ays similar co ihc 
pnor an Ruorocarbon-bascd coating ftlm by dispersmg fine 
panicles of the lluorocarbon-based polymer m a non-aque- 6S 
ous solvent containing a compound having a fluorocartwn 
group and a chlorosilane group or m a solvent coataining a 
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compound having i fluorocarbon group and an aikoxysilanc 
group. In ihis case, fluorocartDon chains, siloxane bonds and 
molecular chains of che fluorocarbon- based polymer 
entangle on a nnolccular level with each other. Thus, a 
Huorocarbon-based polymer coaung film may be formed, 5 
cha: has very high adhesion compared to the pnor an coaung 
nlm. 

The mvennon can widely be applied to substraies. such as 
marcnals made of metals, ceramics or plasucs, wood, stooc, 
etc. The surface of the subsiraics can also be coated with lo 
paints or the like. 

Examples of cutlery include: a kitchen icnife, scisson. a 
knife, a cuner, a graner, a razor, hair clippen. a saw, a plane* 
a chisel, a gimiet, a badkin, bite (cumng tools), the edge of 
a dnll. the edge of a mixer and juicer, a blade of a null, a ^ 
blade of a lawmnower. a punch, a straw cutter, a staple of a 
stapler, a can opener or a surgical knife and the like. 

Examples of needles include: an acupuncture needle, a 
needle, a sewing needle, a matting needle, an injecuon 
needle, a surgical needle, a safety pin, and the like. 

Examples of products in the pottery (ceramics) industry ^ 
include: products made of a pottery, a glass, ceramics and 
enameled products. This further includes, for example, sam- 
lary pottenes (a chamber pot a wash-bowl, a bathtub etc), 
tablewares (a nce-bowl teacup, a dish (plate), a bowl, a 
teacup, a glass, a botiie, a cofriee*poi (siphon), a pan, an ^ 
earthenware mortar, a cup and the like), vases (a flower 
bow), a flowerpot, a bud vase and the like), water tanks (a 
breeding cistern, an aquahum water tank and the like), 
chemical expetimem appliances (a beaker, a reactor vessel, 
a test cube, a flask, a laboratory dish, cotidenser, a mixing » 
rod, stirrer, a mortar, a bat, a syringe etc.) a roof tile, 
enameled ware, an ettameled washbowl, and an enameled 
pan and the like. 

Examples of mxrron Include: a hand mirror, a fulMength 
mirror, a bathroom mirror, a lavatory mirron vehicle mirrors 35 
{a rear-vtew minor, a side mnror, a door mirror etc.)» half 
mirror, road minors such as a curve naxm. a show window 
glass, a salesroom in the department store, medical care 
minors, a concave minor, a convex mirror and the like. 

Examples of molding psits includes: dies for press mold- ■*o 
ing, dies for cast molding, dies for injection molding, dies 
for vansfer molding, dies for compression molding, dies for 
transfer molding, dies for inflation molding, dies for vacuum 
molding, dies for blow fonning, dies for extrusion molding, 
dies for flber spinning, a caletsder processing roll and the O 
like. 

Examples of ornaments include: a watch, a jewel, a pearl, 
a sapphire, a ruby, an emerald, a garnet, a cat's eye, a 
diamond, a topaz, a bloodstone, an aquamanne, a uirquoisc. 
an agate, a marble, an amethyst, a cameo, an opal, a crystal. so 
a glass, a nng» a brKdet, a brooch, a uepin (a suckpin). an 
caning, a necklace, jewelry made of plaunum. gold, silver, 
copper, aluminium, titamun^ tin and those alloy, stainless 
steel, a glass frame and the like. 

Examples of forming molds for food include: cake, cook- 
ies, bread-baking, chocolate, jelly, ice cream, ovcnwarc. an 
ice tray and the like. 

Examples of cookwarc include: kitchen utensils fa pan 
and a pot), a ketUc, a pot a frymg-pan, a hoi plate, a toasting 
net, a takoyaki plate and the )ike. 

£.tamplcs of papers mclude: photogravure paper, hydro- 
phobic and oilphobic paper, poster paper, high-grade pam- 
phlet paper, wrapping paper, package paper, drinking pack- 
age paper, container paper, priming paper, synthuc 
insulaung paper and the like. 

Examples of rcsm($) include: a polyolefin such as a 
polypropylene and polycihylen, a polyvinylchlor\de plasuc. 
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a poiyamide. a polyirmde, a poiyamidcimidc, a polyester, an 
aromatic polyester, a poiycarbonate. a polystyrene, a 
poiysulfidc. a polysuifonc. a polyeihcrsulfonc, a poiyphe- 
nyiensuifide, a phenolic resm. a furan rcsm, a urea resin, an 
epoxy resin, a polyurethane. a silicon rcsm. an ABS rcsm. a 3 
methacryiic resin, an acrylaie resm, a polyaceial, a poiyphe- 
nylene o)ude, a poiymethylpemene. a mc) amine resim an 
oiJcyd rcsm. an unsaturated polyester cured resm and the 
iike. 

Examples of nibfaer(s) include: styrene-butadiene nibber, lo 
butyl rubber nitnl rubber, chloroprcnc rubber, polyurethane 
rubber, silicon rubber and the like. 

Examples of household electrical appliances include: a 
television, a radio, a taperecorder, an audio, a compaa disc 
(CD), a refrigerator of freezing machines, a freezen an air is 
conditioner, a juicer, a mixer, a blade of an eiectnc fan. a 
lighting apparatus^ a dial plate, a hair dryer for perms and ^iie 
like. 

Examples of sports articles include: skis, (Ashing rods, 
poles for polevauitmg. boau, yachts, surfboards, golf bails, 20 
bowling bails, fishing line (yam), fishing nets, Hoais and the 

like. 

Examples applying to vehicle parts include: 

(1) ABS resm: a lamp cover, an installment panneJ, 
trimming parts, a protector !or a motorcycle. 25 

(2) Cellulose plastic: a car marie a stcenng wheel 

(3) FRP (fiber reinforced plastics): a bfumper, an engine 
cover (jacket) 

(4) Phenolic resin: a brake 

(5) Polyacctai: wiper gear* a gas valve 30 

(6) Poiyamtde: a radiator fan 

(7) Polyarylate (polycondcnsation polynwrization by 
bisphenol A and pseudp phtaiic acid): a direcuon indicator 
lamp (or lense). a cowl board Icnse, a relay case 

(8) Poiybutylene terephialate (PBT): a rear end, a front 35 
fender 

(9) Poly(amino-bism3leimide): engine pans, a gear box. a 
wheel, a suspension drive system 

( 1 0) Meihacrylatc resin: a lamp cover lens, a meter paimei 
and its cover, center mark ^ 

( U ) Polypropylene: a bumper 

(12) Polyphcnylene oxide: a radiator grille, a wheel cap 

(13) polyurethane: a bumper, ao fender, a mstallment 
panel, a fan 

(14) Unsaturated polyester resin: a body, a fuel tank, a 45 
heater housing, a meter panel. 

Examples of oiSce supplies include: a founcaitt pen. a 
bail-point pen, a propelling pencil (an automatic or a 
mechanicai pencil), a penol case, a binder, a desk, a chair, 
a bookslieif. a rack, a telephone stand table, a ruler (mca- 50 
sure), a dtawmg instrument and the like. 

Examples of buildinf matenais include: materials for a 
roof, and outer wall and imenors. Roof materials include a 
brick, a siate and a tin (a galvanized iron sheet) and the like. 
Other wall materials include wood (including a processed 53 
manufactured wood), mortar, concrete, ceramics sizing, a 
metallic sizmg, a bnck. a stone, plagues and a metal like 
aiumamum. (ntcnor matenais such as a wood (including a 
processed one), a metal Itkc aluminum, plasucs, paper, tibcr 
and ihe iike. fiO 

Examples of buildmg stones include; granite, marble and 
uLhcrs used as building matcnal. such as an architecture, an 
ornament, a baih, a grave, a monument, a gatepost, a sione 
wail a pavmg stone and the like. 

Examples of musical instruments and sound apparatus 65 
include: a percussion instrutncnt, a stringed instrument, a 
keyboard mstrumenu a woodwind insuument the brass and 
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Others, and sound appaatus such as a rmcrophone, a spcaXcr. 
To be concreie. there are musicai instruments such as a 
drum, a cymbal, a vioim, a cello, a guiLar. a koco fharpK a 
piano, a Qutc, a clanncc a banidoo flute and a horn, and 
sound apparatus such as a microphone, a speaker and a 5 
earphone and the like, 

Exampics aiso include a thermos bottle, a vacuum boitie» 
a vacuum vessel and the like. 

Examples also include a high resistance voltage insulator, 
such as a power supplying tnsuiatt>r or a sparlc plug, wtuch 
require a highly hydrophobic, oil phobic and prcvenuon of 
concanunauon coating. 

As has been descnbed in the forcgotng, the method of 
manufactunng a duorocarbon-based coaung ^Im according 
to (he invention compnses the steps contacung a substrate i5 
having a surface containing hydroxyl groups with a non- 
aqueous soiuuon containing a matenai contaxmng a chio* 
rosilyl group; coaung the substraie with a non-aqueous 
solution containing a compound containing a fluorocaibon 
group and a chlorosilane group or a solution comaimng a 20 
compound containing a 8uorocarbon group and as alkox- 
ysilane group; and baking the substrate after the contacting 
and coaung steps. Thus, a fluonxarbon-based coatiag film 
exccilcni in the hydrophobic and oii-repcllem properties can 
be formed on the surface of a hydrophiiic substrate with the 23 
properties bemg strongly chemically bonded to the sub- 
strate, high density, no pinholes* unifonn th yknes s and very 
thm layer It is thus possible to provide a auorocarboa-based' 
coaling film having high dura^i^ and high perfOTnance. 

Now, examples will be described with reference to FIGS, jo 
I to 4. 



£XAMPL£ 1 

A hydrophiiic substrate i, i.e., a glass substrate, was 33 
prepared as shown in FIG. Uah 

The subsoate 1 was coated with what was obtained by 
dissolving 1% wt of Q— (SiaiOh — SiO, a the material 
having a chlorosiiyl $roup in chloroform solvent 

Also, hydrophiiic —OH substitute groups were contained ^ 
on the surface of the substrate I. Thus, a hydrochionc acid 
removal reaction (dehydrochloric acid) was brought about 
on the surface to fix molecules 10 the surfxe of the substrate 
1 via — SiO— bonds, for example as shown by the formula 
[11; 

Cl a a formula U 

I I I 

a-sio-sio-sia 

t I 1 

a 0— a 50 

With subsequent evaporation of the chloroform solvent m 
an aimospbere containing moisture from water contenu a 
siioxanc polymer coaung film 2 as shown in FIG. lib) was 
formed with hydrochloric acid removal reaction between the 
moisture and — Cl groups without being reacted with vhc 
substrate 1. 

The siloxane polymer coating film 2 thus formed wai 
bonded to the surface of the substrate I via chemical bonds 
of «SiO— and thus difScult 10 be separated. ^ 

The siloxane polymer coatmg film 2 had a large number 
of — SiOH bonds on the surface. 

Accordingly, a solution containing 80<5fe wi n-hcxadccone, 
\1% wi carbon tetrachlondc and 8% wt chloroform was 
prepared by dissolving into a concentration of 2.0^ *t ^5 
CF CH^0*CH,),3Sia J as a non-aqucous solvent contain- 
ing a compound having a duorocarbon group and a ch;o* 
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rosilane group, and a was coated on the surface ot' :he 
subsuate I having 'iic surface -.hereof formed with ±e 
sUoxaac polymer coaang film 2 having a large number of 
— SiOH bonds, as shown in FIG. 1(c). Then, by baking m an 
atmosphere containing water moismre at 200* C. for about ^ 
30 sunutcs, a hydrochlonc aad removai reaction was 
brought about between the chiorosiiyi groups of ftuonne- 
conraimng chlorostlane-based surface acuvc agent and 
exposed —OH groups of the siioxane polymer coauflg ftim 
2 to form covaient bonds such as the following fonnuia(2]; 

CF^CH:0<CHi)i55ja * 3( -OH^ > fommU [21 



0- 

CF^CH:0(CH:)i3SiO- ^ 3Ha 

\ 



In this way, a fluorocarboo-btsed polymer coaung film 3 20 
having a ttiickness of about 10 to 20 was obtained. 

This poiymer film 3 was not separated at all in a check* 
crboard lesL 

FuiTher, by adding 3% wt of SiQ4 as a cnMs*llnking agent 
to the non-aqueous solution containing a compound having ^ 
a fiucrocarbon group and a chiotosilanj group, a fluorocar- 
bon-based coaling polymer fUm 3 was obtained, which had 
about two times of the hardness of a solvent without St04. 
caused by three-dimensional crou-llnking through — Si(— ^ 
O— ), bonds. 

Further by carrying out similar coating by adding 20% wt 
of fine particles of poiytetrafiuoroethyleae as fiuorocartwn* 
based polymer to che non-aqueous solvent containmg a 
compound having a fluorocarbon group and a chiorostlaoe 35 
group, a fluorocarbon-based coating film was obtained, 
which had very superior adhesion as compared to that in the 
prior art even chough iu hardness was comparable to that m 
the pnor art. 



EXAMPLE 2 

a' hydrophilic substrate I was prepared as same as m 
Example I, as shown in RG. 2(a). 

The substrate 1 was dipped for about one hour m a 
solution obtained by dissolving 1% wt of Q— (SiCI^O),— 
SiG, as a material having chiotosilyl groups in chloroform 
solvent as in Example L A hydrochloric acid removal ^ 
reaction thus was brought about oo the surface of the 
substrate 1 because of the presence of hydrophilic —OH 
groups Ofi the surface to adsorb molecules as shown above 
formula(ll. 

By subsequettdy carrying out washing with a non-aque- $5 
ous solvem. i.e.. chloroform, and then with water, molecules 
of CI-HSiCUO)^— SiO, which renamed without bemg 
reacted with Uic substrate I, were removed to leave a 
siloxane monomolecular film 4 on the surface of che sub- 
strate i as shown in RG. 2(d) and gtven as the formulas (A) 
and/or (B) etc. 

OH OH OH 
1 I j 
OH-SiO-StO-StOH 
! ! 
OH 0- OH 
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Further, as che ffuorocarbon-based surface active agent 
maicnals shown below may be used in additioa to the above 
agents, 

CF5(CH,).Si(CH3),(CH,), jSia,. 
F(CF:),(CH,)2Si(CH,),(CH,)^i and 
CF,COO(CH,),3Sia3. 

EXAMPLE 3 

As shown in Example K a hydrophilic substraic 11 was 
prepared as shown in RG. 3(a). 

This substrate 11 was then dipped in a solution obtained 
by dissolving 1 % wt of a material having a chiorosiiy i group 
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-conanucd 

^« OH OH r , ^, 

I [ formula 1 31 

OH-SiO-SiO-SiOH 

f I I 
O- OH OH 

The monomoiecuiar film 4 ihus obtained was pcrfectiv 
bonded :o the substrate 1 via chemical bonds of ^ol 
and was not easy separated. 

The monomoiecuiar film thus formed has many -SiOH 
bonds on the surface. j»vn 

Further, a non-ai^ueous solution containing 80% wt 
n.hexadccane. 12% wt carbon teirachlonde Li 8% w 
chlorofem was prepared by dissolving into a concentration 
of 2,0% wt a compound having fluonxarbon group and 
chiofosilaae group such as CF3(CF^CH,), SiCl, 
on the surface substrate I formed on the surface thereof with 
a monomoiecuiar ftlra 4 having many -SiOH bonds as 
shown in FTC. 2(c). A reaction was thus brought about 
between ^iObonds and -SiOH groups of thelLomo- 20 
lecuiar layer 4. Ihctu by baking in an atmosphere containing 
water moisnire at 2W C for about 30 minutes, the bonds of 
formuia(3) were formed; 

In this way. a polymer film 5 having a thickness of 10 to 
20 Mm was formed such tha it was chemically bonded to the 30 
mncr-iayer, i.e.. the siloxane polymer monomoiecuiar film 4, 
The coating film did not separata in a checkerboard test 
Furthermore, by adding 1 5% wt of SiO, as a compound 
cross-linking agent to the noQ.«)ueous solution containing a 
compound havmg a fiuorocarboo group and a chlorosilanc 
group, a fluorocarbon-based polymer coating film having a 
hfflTtoess mcreased by about 5 timet could be obtained. 
Addioonally, by carrying out similar coating using a oon- 
aqueous solution contauing a compound having a fluoio- 
carbon group and a chlofosUanc group, which was obtained ^ 
by dispersing about 20% wt of fine panicles of a fluorocar- 
bott^bascd polymer, eg., polytetrafluoroeUiyieoe, a fluort>. 
carbon-based polymer coating film could be obtained that 
had very superior adhesion compared to thai in the prior an 
although itt hardness wu comparable lo that in the prior an 

Cf'^CT urVS!* used CF3CH,0(CH,)„ SiQ, and 
cj^3(CF2)7(CH,)3Sia3 u the fiuoracarbon«based surface 
aaive agent by adding che C-C or group to or 

a^mbling it in an [aikyll ai icy lent chain portion, cross-linking can 
be obtained by irradiation with an electron beam of about SM-rads ^ 
after the fonnaaon of the coating film, and thus it is possible to 
increase the hardness of the coating nim to about 10 times 
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tn a non-aqucous 5olvcnc such as a chroloform solvent and 
then was raised from ihc sotuuon. 

By using CI — (SiCKO)^— SiCI, as a matcnai having a 
plurality of chJorosilyi groups m a moiccule. a hydrocWonc 
acid removal reaction was brought about because of ^ 
presence of hydrophiUc — OH groups on the surface of the 
substrate 11, thus fixing molecules lo :he substrate via 
— 'SiO — bonds as shown above formula ( 1 1, 

8y subsequently evaporating the chloroform solvent m an 
atmosphere containing of moisture, chlorine in — SiG 
groups that remained without being reacted with the sub* 
sirate 11 were then reacted wich the water by a hydrochloric 
acid removal reaction to form a siloxaoe poiymer coating 
Sim 12 as shown m RG. 3{b), 

As the stloxane polymer coaling fUm 12 thus obtained 
was bonded to the surface of the substrate 11 via chemical 
bonds of *SiO-». it was difficult to be separated. 

The siioxane polymer coaling film 12 formed also had 
many — SiOH bonds on the surface. 20 

FunhermoFe, a solution obtained by dissolving a concen- 
craixoa of several percent, for tnstaoce 10% wt^ of a com* 
pound having a fluorocarboa group and a aikoxysilane 
group, for inaiance CF3CH20(CH2),5Si(OCH3)3 in an aloh 
hot solvent, for msiance ethanol, was used for coating* 23 
followed by baidng at 200* C for about 30 minutes. By 
doing so« groups exposed to xhe surface of the 

siioxane polymer coating film 12 were reacted with aikoxy 
groups in the fluonne-containg alkoxysilane-bascd surface 
active agent an alcohol removal reaction to form such as the )0 
formula (4]. 

CF,CHiO(CHt>i5Si(OCHih * M -OHl > I*> 

O- 35 

i 

CFiCH?0(CHi)!>SiO- * JCHjOH 

In this way, a polymer film 13 having a thickness of 10 to ^ 
20 ^m was obtained 

This polymer film 13 did not separate in a chcckerboiid 
test Further, by adding 5% wt of Si(OCH 3)4 as a cross- 
linking ^ent to the solvent containing a compound havmg 
a fluorocartxm group and an aikoxysilane group shown by 
the above formula (41, a three-dimensionally cross-linked 
nuotocartjon-based film via — Sta(— O— )| bonds was 
obtained* which had about two times the hardness of the film 
obtaased without addition of Si(0CH)}4. ^ 

Funhei; by carrying out similar coating using a soluiioo 
containing a compouad having a fluorocarboa group and as 
aikoxysilane group, to which 20% wt of fine pariKles of 
polytecrafluoroethylene were ftdded as a fluorocatt3oa*based 
polytncr, a polymer film wu obtained, which had a very 5, 
superior adhesion compared 10 that in the prior art although 
its hardness was comparable to that in the pnor art. 

EXAMPLE 4 

As shown in Example 3, a hydrophilic substrate U as 50 
shown in RG. Ma) was diopcd for about one hour m a 
non-aqueous soluuon prepared by dissolving 1 % wi of 
G— ^SLCI.O)^— SiClj as a matcnai comaimng achlorosilyl 
group, for instance, m a chloroform solvent. 

At this umc, hydrochloric acid removal reaction occurcd <5 
on the surface of substrate 11 because of the presence of 
hydrophilic --0H groups on ihe surface. Thus, molecules 
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were adsorbed as shown by chc formuia such as fonnula [ \ ]. 
When Lhe subscratc was exposed lo an atmosphere contain- 
ing water, a stloxane monomoiecular film U as shown tn 
FIG. Mb) was obtained oti the subsiraic surface, and shown 
such as the formuJa [51 and/or formuia [6] etc. 5 

OH OH OH 

I 1 i 

HO-StO-SiO-SiOK 
I I 1 
OH 0- OH 

OH OH OH fomtaia(6| 
I i i 
HO-SiO-StO-SiOR 
I { I 
0- OH OH 

The monomotecuiar layer 14 thus obtained did not sepa* 
rate as tc was perfectly bonded to the substrate 1 via — SiO— 
chemical bonds. 

The motxsmolecuJar layer 14 obtained also had many 
— SiOH bonds. ^ 

Further, a soluiioa was prepared by dissolvins a concen- 
iration of 2% wi CFj(CF2WCH5),Si{OC2H,)5 as a com- 
pound having a Suotocarbon group and an alkoxysUaoe 
group in a methanol solvent, coated oota the surface of 
substrate U covered m± a motiofnolecuiar film having 
many —SiOH bonds, and followed by baking ai 20QP C. for ^ 
about 30 misutea* t 

This produced the compound shown in RG. 4(^ and • 
represemed by formuia(71. 

CF,(CFi)7<CHt),SiO- 

In dsis way, a polymer film 15 having a thickness of IQ to 
20 )m was obtained* 

The polymer film 15 formed did not separate in a check- 
erboard lest because it was formed in a state chemically 
bonded to the sitoxane monomoiecular film 14. 

Further, by adding 10% wt of St(0CjK7)4 as the cross- 
Unking agent to the solution having a compound containing 40 
a ftuoroc ar taoo group and an aikoxysilane group, a fiuoro- 
carbofhbaaed coating film having about four times the 
hardness of the film was obtained as compared to a film 
without the addition of the agent. Furthermore, by carrymg 
out similar coating using a solution containing a compound 
having a fluorocaiton group and an aikoxysilane group, m 
which solution was dispersed 20% wt of fine particles of 
polytetrafluoroethylene, a fluorocarbon*bascd coating film 
was obtained, which had a very superior adhesion compared 
to that in the prior an although its hardness was comparable 
to thai in the prior art 

Although in the above Examples 3 and 4. 
CF5CH50(CHj)i5SUOCH3)3 and were 

CF3(CF2>7(CH2)2Si(OC2H5)3 were used as a reagent for 
forming a Suorocarbon-based film on the uppermost surface 
by adding or assembling the C or CmC group to or m 
the alkyl chain portion, cross-linking can be caused by 
irradiation of an electron beam of about 5M-rads. After the 
formauon of the coanng film, a coating film with about 10 
times of the hardness to be obtained. 

Further, as the compound havmg a fluorocarbon group 
and a chlorosilyl group or a fluorocarbon group and an 
likoxystlane group. 
CF3(CH.).Si(CH3),lCHj)i3St((X: H,),, 
F(CFj)icH,)2Si{CH5}j{CH2)^ SKOCH,), and 
CF3COO(CH2)i3Si(OCsH5), may be used, in addition to 
the compounds noted in the above Examples I to 4 
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The mvenaon may be embodied m other specific fomts 
wuhouc depanmg from the spint or essenuai characiensucs 
thereof. The present embodiment is co dc considered m all 
respects as Uluscrauve and not restncuve. The scope of the 
invention is indicated by the appended claims rather than by 5 
:he foregoing descnpuon. and all changes which come 
wuhin the meaning and range of equivalency of ;he claims 
are mtendcd co be embraced therein. 

We claim: 

I. A method of manufactunng a fluorocarbon-based poly- iq 
mer coaang film compnsing the steps of: 
contacting a substrate having a siirfacc containing 
hydroxyl groups with a non-aqucou$ solvent compns- 
ing a maienai compnsing chlorosilyi groups; 

coating the contacted substrate surface with either (1) a non- 
aqueous solvent compnsing a compound compnsing a 
fluorocarbon group and a chlorosiiyl group or (2) a solvent 
comprising (a) a compound compnsmg a fluorocarbon group, and 
an alkoxysiiyi [aJkoxysilane] group or (b) a compound of the 
followmg fomiula: 20 



where n represents 0 or an integer R represents an aikyi 
group or a hydiocarboQ subsomted group containing 25 
or OmC, a silicon atom or an oxygen atom; m represents 0 

or !; Y represents a hydrogen atom, an [aJkyll aikyiene group, an 
alkoxy group, a fluorine-containing aikoxy group or a fluonnc- 
contaming [aJkylJ aikylenc group; A represents a hydrogen atom, q 
represents 0» ! or 2; and 

baking the substrate after said contacting step and coating 
step. 

2. The method of manufacturing the fluoroc ar bon-bascd 
polymer coating film according to claim 1, wherein the 
substrate is made of the member of a group consisting of 
glass , metais, plastics and ceramics. 

3. The method of manufacturing the f!uorocarbon-based 
polymer coadng film according to claim L wherein the 
substrate is [mace] made of a plastic material treated tn a plasma 
atmosphere containing oxygen. 4 

4. The method of manufactunng the fiuococarbon-based 
polymer coating film according to claim L wherein said 
matenai comprising chlorosilyi groups comprises a member 
of this group consisting of SiOa. SiHG,, StH^G^ and 
a— (SiaaO),— SiQj, wherein n is an integer. ^5 

5. A method of manufacturing the f!uorocarbon*based 
polymer coating film according to claim h wherein said 
compound having a fluorocarbon group and a chlorosiiyl 
group is represented by a formula: CFj— (CFj),— (R)^— 
SiXjfCly^ where n reprcsenu 0 or an integer: R represents ^ 

an [alkyl] alkylene group or a hydrocarbon substituted group 
containing CK^, C«C, a silicon atom or an oxygen atom; m 
represents 0 or I, X represents a hydrogen atom, an [alkyl] 
alkylene group, an alkoxy group, a lluorine-contammg aikoxy 
group. Of a fluorine-containing [alkyl] aikylene group; p represents «< 
0. 1 or 2. 

6. A method of manufacturing the 9uorocarbon*bascd 
polymer coating film according to claim I. wherein said 
compound (a) 1$ represented by a formula; 

*herc n represents 0 or an micgcr 
R represents an [alkyl] alkylene group or a h>drocarbon substituted 
group containing C^C or OmC. a silicon atom or on 
oxygen atom; 
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n reofcscnts 0 or L 

Y represents a hydrogen atom, an [aikyl] aikyiene group, an aikoxy 
group, a fluorine-containing aikoxy group or a fluorine- 
containing falkyil aikytcne group, 

OA' represents an aikoxy group; and 
q represctits 0» L or 2. 

7. A method of manufaccuring the fluorocarbon-bascd 
poiymer coatiag film according to claim I. wherein a 
•^atertai represented by a formula; SiX.G*., swhere X 
represents a hydrogen atom or an [aiJcyl] aikytcne group, and s 
represents 0, I or 2, is added to the non-aqueous soivem conummg 
the compound having a fluorocarbcn group and a chiorosilyl 
group 

9. The method of manufactunog the fluorocartwn-based 
polymer coating film according to claim 1, wherein a 
material represented by a fonnuia: 

20 

where Y represents an [aikyi] aikyiene group; A" represents atom 
or an [aikyI] aikytcne group; and t represents 0, 1, and to the 
solvent of (2). 

9. The method of minufacnging the fiuorocarbon-baaed 
polymer coating film according to claim U wherein fine 
particles of a dtxmKarbott-baaed polymer are dispersed in 
advance in either siid non-aqueous solvent containing the 
compound hiving t fluonxartm gnxip ami a chhxosilyl 
group or said solvenc containing the compound h&ving a 
flu o ro car bon group and an aikoxysilane group. 

10. A method of manufacouing a fluorocarbon-baaed 
polymer coating film comprising the steps of: 

contacting a substrate having a surface containing 
hydroxyl gmupa with & non-aqueous soivem compris- 
ing a material comprising chiorosilyt groups; 

washing the contacted substrate with a non-aqueous solvent to 
remove unreactcd material; 

coating the washed substrate surface with cither (1) a non- 
aqueous solvent comprising a compound comprising a 
fluorocarbon group and a chiorosilyl group or (2) a soivem 
comprising (a) a compound comprising a fluorocarbon group, and 
an aikoxysiiyl [alkoxysilane] group or (b) « compound of the 
following formula: 



where n represents 0 or an integer; R represents an talkylj aikyiene 
group or a hydrocarbon substituted group containing C=C, C«C. a 
silicon atom or an oxygen atom; m represents 0 or 1 , Y represents 
a hydrogen atom, an [alkyl] aikyiene group, an aikoxy group, a 
fluorine-containing aikoxy group or a fluorine-containing [alkyl] 
aikyiene group; A represents a hydrogen atom; and q represents 0, 
1 or 2; and 

baking the substrate after said contarting step, washing step and 
co3ttn| step 

11. A method of manufacturing the f^uorocarbon-based 
poiymer coating ftim of claim 1, further compnsmg: 

irradiaung with an electron beam of about 5M-rads when 
ihc fluorocarbon group of the coaimg step comprises 
Cs=C or CaiC bonds, which irradiauon ts performed 
subsequent to the coating step and pnor to the baking 
siep. 
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12. A method of manufacturing a fluorocarbon-based polymer coating film 
comprising the steps of: 

a. contacting a substrate having a surface containing hydroxyl groups with a 
non-aqueous solvent comprising a material comprising chlorosilyl groups to form a 
siloxane-based film on the substrate surface; and 

b. coating the siloxane-based film with either (1) a non-aqueous solvent 
comprising a compound comprising a fluorocarbon group and a chlorosilyl group or (2) a 
solvent comprising a compound comprising a fluorocarbon group and an alkoxysilyl 
group. 

13. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein the substrate is made of the member of a group 
consisting of glass, metals, plastics, and ceramics. 

14. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein the substrate is made of a plastic material treated in a 
plasma atmosphere containing oxygen. 

15. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein said material comprising chlorosilyl groups is 
selected from the group consisting of SiCU, SiHCb, SiH2Cl2 and Cl-CSiChOVSiCh, 
wherein n is an integer. 

16. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein said compound comprising a fluorocarbon group and 
a chlorosilyl group is represented by a formula: CF3-(CF2)n-(R)m-SiX^Cl3.p where n 
represents 0 or an integer; R represents an alkylene group or a hydrocarbon substituted 
group containing C=C or C=C, a silicon atom or an oxygen atom; m represents 0 or 1, X 
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represents a hydrogen atom, an alkyl group, an alkoxy group, a fluorine-containing 
alkoxy group or a fluorine-containing alkyl group; p represents 0, 1 or 2. 

17. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein the compound comprising a fluorocarbon group and 
a chlorosilyl group is represented by: 

CF3-(CF2V(R);„-SiY,{OA^)3^- 
where n represents 0 or an integer; 

R represents an alkylene group or a hydrocarbon substituted group containing 
C=C or C=C, a silicon atom or an oxygen atom; 

m represents 0 or 1 ; 

Y represents a hydrogen atom, an alkyl group, an alkoxy group, a fluorine- 
containing alkoxy group or a fluorine-containing alkyl group; 
OA' represents an alkoxy group; and 
q' represents 0, 1 or 2; 

and the method further comprises a step of baking the substrate after coating. 

18. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 16, wherein a material represented by a formula: SiXsCU-^ where 
X represents a hydrogen atom or an alkyl group, and s represents 0, 1 or 2; is added to the 
solvent of (1). 

19. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein a material represented by a formula: 

SiY^0A")4-/ 

where Y represents an alkyl group; A" represents a hydrogen atom or an alkyl group; 
and t represents 0, 1, and 2; is added to the solvent of (2). 
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20. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein fine particles of a fluorocarbon-based polymer are 
dispersed in advance in either said non-aqueous solvent containing the compound 
comprising a fluorocarbon group and a chlorosilyl group or said solvent containing the 
compound comprising a fluorocarbon group and an alkoxysilyl group. 

21. A method of producing a non* wetting surface on a glass substrate 
comprising the steps of: 

a. depositing a siloxane-based primer layer on a surface of the glass; and 

b. coating the siloxane-based primer layer with a composition comprising a 
perfluoroalkyl alkyl silane. 

22. A product made by the process of claim 16 . 

23. A product made by the process of claim 17. 

24. A product made by the process of claim 18. 

25. A product made by the process of claim 19. 



26. A product made by the process of claim 21 
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under 37 C F R Jj MO on the date indicated above and is addressed to Assistant Commissioner for Patents, Washinaton. D C 2023 i 



Sa n dra J Gonngl l g 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In the Reissue application of: 

Kazufumi OGAWA et al. 

Original U.S. Patent No.: 5,538,762 

Original Issue Date: July 23, 1 996 

For: METHOD OF MANUFACTURING A 
FLUOROCARBON-BASED COATING 
FILM 



Examiner: 
Group Art Unit: 



REISSUE APPLICATION DECLARATION AND POWER OF ATTORNEY 

BY INVENTOR 



Box 7 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, I 
believe I am an original, first and joint inventor of the subject matter that is described and 
claimed in U.S. Patent No. 5,538,762, granted on July 23, 1996. 

1 hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 
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I acknowledge the duty to disclose information which is material to the examination of 
this application in accordance with 37 C.F.R. § 1.56(a) and (b). 

I verily believe the original patent to be wholly or partly inoperative or invalid by reason 
of claiming more or less than I had the right to claim in the patent. 

At least one error upon which reissue is based is described as follows: Claim 1 includes 
an additional, non-necessary step, which is corrected by the addition of claim 12. 

I hereby claim foreign priority benefits under 35 U.S.C. § 1 19 of any foreign 
application(s) for patent or inventor's certificate or of any PCT international application(s) 
designating at least one country other than the United States of America listed below and have 
also identified below any foreign application(s) for patent or inventor's certificate or any PCT 
international application(s) designating at least one country other than the United States of 

America filed by me ott^Be same subject matter having a filing date before that of the 

-ror 

application(s) of Which pfiority is claimed: 

Application No. 289127/1990 Country Japan Filing Date 10/25/90 



POWER OF ATTORNEY 

I hereby appoint the following attomey(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office connected therewith 

Thomas E. Ciotti (Reg No. 21,013) 
Gladys H. Monroy (Reg No. 32,430) 
Paul Schenck (Reg No. 27,253) 
Freddie K. Park (Reg No. 35,636) 
Shmuel Livnat (Reg No. 33,949) 
Antoinette F. Konski (Reg No. 34,202) 
Stuart P. Kaler (Reg No. 35,913) 
Robert Saltzberg (Reg No. 36,910) 
Mani Adeli (Reg No. 39,585) 
Sean Brennan (Reg No. 39,917) 
Robert K. Cerpa (Reg No. 39,933) 
Lee K. Tan (Reg No. 39,447) 
Madeline I. Johnston (Reg No. 36,174) 
Stephen C. Durant (Reg No. 31,506) 
Hector Gallegos (Reg No. 40,614) 



Kate H. Murashige (Reg No. 29,959) 
Debra A. Shetka (Reg No. 33,309) 
E. Thomas Wheelock (Reg No. 28,825) 
Susan K. Lehnhardt (Reg No. 33,943) 
Tyler Dylan (Reg No. 37,612) 
Harry J. Macey (Reg No. 32,818) 
David L. Bradfute (Reg No. 39,1 17) 
Laurie A. Axford (Reg No. 35,053) 
Catherine M. Polizzi (Reg No. 40,130) 
J. Michael Schiff (Reg No. 40,253) 
Ronald D. Devore (Reg No. 39,958) 
Alan W. Cannon (Reg No. 34,977) 
Dahna S. Pasternak (Reg No. 4 1 ,4 1 1 ) 
Frank Wu (Reg No. 41,386) 
Barry E. Bretschneider (Reg No. 28,055) 
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Charles D. Holland (Reg No. 35,196) 
Michael Hetherington (Reg No. 32,357) 
Thomas D. Mays (Reg No, 34,524) 
Wen Liu (Reg No. 32,822) 
Cindy S. Kaplan (Reg No. 40,043) 



Mark R, Carter (Reg No. 39,131) 
Edward V. Donahue (Reg No.35,492) 
Thomas G. Wiseman (Reg No. 35,046) 
Ararat Kapouytian (Reg No. 40,044) 
Richard D. Jordan (Reg No, 33,519) 



all of Morrison & Foerster llp, 2000 Pennsylvania Avenue, N,W., Washington, D.C. 20006- 
1888, telephone (202) 887-1500, to prosecute this application and transact ail matters in the 
United States Patent and Trademark Office connected therewith. 



Please direct all written communications relative to this application to: 



Richard D. Jordan 

Morrison & Foerster llp 

2000 Pennsylvania Avenue, N,W. 

Washington, D.C. 20006-1888 

Please direct all telephone communications to Richard D. Jordan at (202) 887-6930. 



I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under § 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. 



Date Name: Kazufumi Ogawa 

Residence: 3-50, Aoyama 2-chome, Nara-shi, 

Nara 630-8101 Japan 

Citizenship: Japanese 

Post Office Address: Same as residence 





Name: Mamoru Soga 
Residence: 2-5-15, Kouyoudai, Tondabayashi-shi, 
Osaka 584-0082, Japan 
Citizenship: Japanese 
Post Office Address: Same as residence 
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